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SIMULATION OF ACTION POTENTIAL PROPAGATION BLOCK ON A
BIDIMENSIONAL VENTRICULAR TISSUE MODEL DURING REGIONAL
MYOCARDIAL ISCHAEMIA

B. Trenor, J. M. Ferrero (Jr), F. Montilla
Departamento de I ngenieria Electrénica, Universidad Politécnicade Valencia, Vaencia, Spain

Abstract-During the acute phase of myocardial ischaemia,
electrophysiological alterations in ventricular cells exacerbate
serious arrhythmias such as reentries. Indeed, extracellular
potassum accumulation in an ischaemic zone reduces
conduction velocity. Concomitantly, the activation of ATP
dependent potassium current (Ixare) under ischaemic
conditions provokes a reduction in action potential duration
(APD), creating inhomogeneities within the tissue, which
represent the main cause of unidirectional block and reentry. In
this work, we investigate the patterns of activation in an
isotropic ischaemic bidimensional tissue by means of computer
simulations. Using the Luo-Rudy phase |1 model of ventricular
action potential and the lgnrp formulation, we stimulated
prematurely a bidimensional tissue of 5 cm? with a normal zone,
an ischaemic zone and a border zone at different instants of
time, to reproduce realistic conditions of reentry. Our results
agree with experimental works and show the existence of atime
interval (window of block), in which propagation is blocked in
the central zone of ischaemia.

Keywords - |schaemia, myocardium, reentry, unidirectional
block, Ik ate) current.

|. INTRODUCTION

During the acute phase of myocardial ischaemia,
important electrophysiological changes predispose the heart
to the development of reentrant arrhythmias [1]. The decline
in [ATP];, concomitant with the increase in free [ADFY;
accounts for the activation of ATP sensitive potassium
current  (Ixate) [2]. The opening of these channels
accelerates the repolarization of the cell, so that action
potential duration (APD) is considerably reduced in the
ischaemic tissue compared to APD in normal tissue [3].
Inhomogeneities in conduction velocity (CV) may also arise
since potassium accumulation in ischaemic tissue responds
for CV reduction [4]. Premature stimuli are susceptible to be
unidirectionally blocked in an inhomogeneous tissue and thus
reentry may develop [5].

In this work we study the activation patterns during
myocardial ischaemia on a prematurely stimulated tissue.
Mathematical formulation of the electrophysiological cellular
activity in the heart ventricle (Luo and Rudy model [6])
allows this kind of study, in which every variable can be
controlled in contrast to experimental studies, where the
measure and control of some variables are complicated.
Furthermore, computer simulations offer an important
advantage, i.e. results are not sensible to the sometimes
uncontrollable variability of experiments.

In a previous work [7], we simulated block of action
potential (AP) propagation in a fiber composed of 100
normal cells, 100 border zone cells and 100 ischaemic cells.
There was a time interval (possible vulnerable window) in
which applied premature stimuli were blocked at some point

in the fiber, so that the possihilities of unidirectional block
and thus reentry were increased. In this work, we carry out
similar simulations but on a bidimensiona tissue with
simulated regional ischaemia, where activation patterns are
more realistic.

Il. METHODOLOGY

Mathematical formulations of cellular
electrophysiological activity enabled the simulation of action
potential block propagation on a bidimensional tissue with
regional ischaemia, under specific conditions of stimulation.

1) Mathematical models: We used a modified version of
Luo-Rudy phase Il model [6] of ventricular AP, including
Ik@ate formulation by Ferrero et a. [8]. The maximum
current density through the Na'-K* pump was increased from
1.65 to 2.61 mA/nF, which is till in the range of measured
values [9], so as to achieve zero net K* efflux under basal
normoxic conditions. This change affects AP morphology
only dlightly. The program was written in Fortran90 and
considered also AP propagation.

2) Electrophysilogical model of ischaemia: The
ischaemic tissue was defined as a 2D isotropic matrix of
500" 500 cells. As shown in Fig.1, three different zones were
distinguished. The healthy norma zone (NZ), where
metabolical  conditions are normoxic  conditions:
extracellular potassium concentration ([K*],) of 5.4 mM,
intracellular ATP and ADP concentrations ([ATP]; and
[ADPJ;) of 6.8 mM and 15 M respectively, and sodium and
calcium channels unblocked. Along the border zone (BZ),
defined as aring 1 cm wide, metabolical conditions changed
progressively until reaching ischaemic conditions, which
remain stable in the central circular ischaemic zone (CZ).
[K™], suffers a linear increase from 5.4 mM up to 12.5mM
along | cm of tissue, while [ATP]; and [ADP]; reach the
ischaemic concentration of 4.6 mM and 99 nM respectively
earlier (the metabolical BZ is 1 mm). Finally, aong the last
0.5 cm of the border zone, the progressive block of sodium
and calcium channels begins (due to a decrease in pH)
reaching a fraction of open channelsin the CZ of 0.75 in both
Cases.

3) Protocol of stimulation: The stimulation protocol
consisted on 2 rectangular current pulses, 2 ms in duration
and amplitude 1.5 times diastolic threshold. Both were
applied to the bottom edge of the tissue, i.e. to a
unidimensional fiber of 500 cells. The first basic stimulus
was applied after 150 ms of electrical rest to alow variable
stabilization. The second stimulus was prematurely applied at
different instants of time in different simulations, just
following the depolarization phase of the previous AP.
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Fig. 1. Bidimensional tissue of 500" 500 cells with anormal zone (NZ), a
border zone (BZ) and a central ischaemia zone (CZ).

Different electrophysiological conditions of intracellular ATP and ADP
concentration ([ATP]; and [ADPY;), extracellular potassium concentration
([K™T)o and rate of block of sodium and calcium channels (pNa and pCa) are
defined.

4) Window of block: We defined the window of block
(WB) as the time interval of the premature stimulation in
which the action potential was not propagated through the
whole tissue. When the instant of premature stimulation was
too close to the previous basic stimulus, the action potential
could not be developed, because the stimulated cells were
gill in refractoriness. The onset of the window was the
instant from which AP propagation started. Within the
window of block, this propagation stopps in a certain zone of
the tissue, thus causing a block. The end of the window
responds for the instant from which there was complete
propagation. The window of block is shown in Fig. 2.

I1l. RESULTS

The first part of our study focussed on the electrical
activity of the tissue following the basic stimulus, comparing
APD and CV in the different zones and looking into the
activation patterns.

A. Electrical activity of the local ischaemic tissue

In the absence of electrical stimulation, we measured the
resting membrane potential (Vmges) in different cells of the
tissue. As shown in table I, in cell (250;50) within the NZ,
Vinresy = -87.25 mV. This value is in the normoxic range.
When measured in the BZ, the resting potential was
progressively depolarized and reached the ischaemic value of
—65.3mV inthe CZ.

APD shortening in the ischaemic zone, where APD=73.25 ms
versus APD=161 msin the normal zone, as can be estimated
inFig. 3.

The AP propagated from the bottom of the tissue towards
the top with different CV. In NZ the velocity was 500nm/ms,
and was reduced in the CZ to 320mm/ms. The site of faster
propagation was the BZ. These different rates of CV account
for the patterns of activation, shown in Fig. 4. In the proximal
side of the NZ, the AP propagated exhibiting a planar
wavefront. However, it became curved in the BZ and CZ
where CVswere increased and rel eased respectively.

Action Potentia (mV)

Time (ms)

Fig. 3. Action potentials measured in different cells of the tissue. Thefirst

cell considered was cell (250;50) in the NZ, the excitation progressed and

reached the BZ, action potential was then registered in cell (250;130) and
finally in cell (250;250) in the CZ.
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Fig. 4. Activation patterns after thefirst basic stimulus applied at t=150ms
to the bottom fiber of 500 cells. Thisisopotential map was taken at
t=200ms. | sopotential lines are spaced every 1.7 mV. The curved

depolarizing wave is recognized by the high density of lines.

B. Effects of premature stimulation: the window of block

After a period of stabilization of 150 ms, during which no
AP was €licited, the first basic stimulus was applied (instant
to = 150 ms) and propagated, as described above, through the
whole tissue. Then premature stimuli (PS) were applied at the
same site: the bottom fiber of 500 cells, in different
simulations. If the PS was applied before instant
t;=ty+167ms, AP could not develop due to refractoriness of
the stimulated cells. Right at this instant of time t; the bottom
fiber had already recovered its excitability and AP could be
elicited and its propagation could progress upwards following
a planar wavefront. However, when the excitation reached
the BZ, propagation became faster and once it arrived to the
CZ, the opposite phenomenon occurred, so that excitation
surrounded the central ischaemic zone, as shownin Fig. 5. At
this stage, AP block develops, since part of the CZ remained
in refractoriness and could not be excitated. The later the PS
were applied, the smaller the zone of block was found to be,
with an upper time limit. In fact, when the PS was applied
later than the instant t,=t;+190ms, complete propagation was
achieved. The window of block was then defined as the time
interval [ty;t,]=[t;=ty+167ms;t,=t;+190ms].

IV. DISCUSSION

During myocardial ischaemia, important
electrophysiological changes take place in the affected
ventricular cells. In fact, activation of ATP dependent
potassium channels provokes a reduction in APD [3].
Furthermore,  extracellular ~ potassium  accumulation
depolarizes the cell reducing its excitability and thus CV [4].
These changes occur only in ischaemic tissue, establishing
inhomogeneities between norma and ischaemic cells, which
represent the leading cause of reentry.
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Fig. 5. Activation patterns after the premature stimulus applied at
t=to+170ms=320ms to the bottom fiber of 500 cells. Thisisopotential
map was taken at t=412ms. Isopotential lines are spaced every 1.7 mV.
The curved depolarizing wave is recognized by the high density of lines.

In this study, we simulated electrical activity of a 5 cm?
tissue with normoxic and ischaemic cells, considering also a
border zone. APD was found to be shorter inside the CZ, AP
propagated slower and a depolarization was aso observed.
These results agreed with experimental works[3,4].

Inhomogeneities of these parameters within the tissue
determined specific curved patterns of activation, after
stimulating the bottom fiber of the sheet of cells. In an
experimental work, Janse and Kleber [10] obtained similar
patterns of activation stimulating a localy ischaemic
ventricle.

When the bottom fiber was prematurely stimulated, a
planar wavefront propagated in the NZ. As the excitation
reached the BZ, where CV is higher, the wavefront became
curved and surrounded the CZ. Two factors explain this
effect. On the one hand, AP propagates slower in the
ischaemic zone, and on the other hand, ischaemic cells
remain till in refractoriness when the premature excitation
arrives to the CZ. In fact, in this zone cells recover from
refractoriness later than in BZ or NZ due to high extracellular
potassium accumulation (postrepolarization refractoriness).
Experimentally, during myocardial ischaemia this
phenomenon of postrepolarization-refractoriness has been
also demonstrated [11]. Recovery of excitability in CZ hasin
fact an important role to determine whether a premature
stimulus is susceptible to reenter or not. In our simulations, if
the excitation was applied early enough, AP propagation was
blocked, whereas later stimulation could propagate through
the whole sheet because the CZ had already recovered from
refractoriness, when the excitation reached this zone. That is
why we obtained an interval of time called the window of
block.

To simulate reentry, the sheet should be larger to nest a
larger CZ. In this case, when the wavefront reached the



bottom of CZ, AP would be blocked there and would
propagate around this functional obstacle. However, once the
excitation would reach the distal CZ, which would be aready
excitable, the stimulus would be able to propagate in the
opposite direction and reenter. Another possibility to simulate
real reentry would be taking into consideration anisotropic
CV, so that in the slower direction AP would be able to
propagate to the CZ already excitable, and then reenter. As
we considered in our simulations, the instant of premature
stimulation would also be determinant in reentry simulation,
and a vulnerable window may also be defined, when reentry
is susceptible to occur.

Bidimensional simulations of reentry have been carried out
by several authors using different models of AP. However
realistic ischaemic conditions and realistic stimulation
protocol have not been taken into consideration in this kind
of studies. Further investigations based on our preliminary
results should allow us to analyze with a high degree of
electrophysilogical detail many aspects of reentry during the
acute phase of ischaemia, such as the influence of premature
stimulation, pharmacological effects, and defibrillation
shocks.

V. CONCLUSION

Computer simulations were carried out in a bidimensional
ventricular tissue affected by regional ischaemia with a high
degree of electrophysiological detail. The elicited AP, CV
and patterns of activation were similar to experimental
published results, and allow usto analyze reentry conditions.

ACKNOWLEDGMENT

This study was supported in pat by Conselleria
D’Educacio i Ciencia de la Generalitat Vaenciana [GV98-
12-78].

REFERENCES

[1] P.L. Rensma, M.A. Allessie, W.JE.P. Lammers, F.I.M.
Bonke, M.J. Schalij, “Length of excitation wave and
susceptibility to reentrant atrial arrhythmias in normal
conscious dogs’, Circ. Res., vol 62, pp. 395-410, 1988.

40f 4

[2] M. Kakei, A. Noma, T. Shibasaki, “Properties of
adenosine-triphosphate-regulated potassium channels in
guinea-pig ventricular cells’, J. Physial., vol 363, pp. 441-
462, 1985.

[3] H. Nakaya, Y. Takeda, N. Tohse, M. Kanno, “Effects of
ATP-sensitive K* blockers on the action potential shortening
in hypoxic and ischaemic myocardium”, Br J Pharmacol, vol
103, pp. 1019-1026, 1991.

[4 MR Rosen, MJ Janse, A.L. Wit, Cardiac
electrophysiology, Ed. Futura Publishing Co., Mt. Kisko,
New Y ork, 1990.

[5] M.J. Janse, J.L. Van Capelle, H. Morsink, A.G. Kleber, F.
Wilms-Schopman, “Flow of injury current and patterns of
excitation during early ventricular arrhythmias in acute
regional myocardial ischaemia in isolated porcine and canine
hearts’, Circ. Res., vol 47, pp. 151-165, 1980.

[6] C.H. Luo, Y. Rudy, “A dynamic model of the cardiac
ventricular action potential. 1. Simulations of ionic currents
and concentration changes’, Circ. Res., vol 74, pp. 1071-
1096, 1994.

[7] B. Trenor, JM. Ferrero (Jr.), “ Effects of potassium
channel openers nicorandil and pinacidil on electrical activity
of cardiac cells and cardiac tissues. a simulation study”,
Computers in Cardiology Germany, vol 26, pp.105-108,
September 1999, [IEEE Computer Society Press].

[8] JM. Ferrero (J), J. Saiz, JM. Ferrero, N. Thakor,
“Simulation of action potentials from metabolically impaired
cardiac myocytes . Role of ATP-sensitive K* current”, Circ.
Res., vol 79, pp. 208-221, 1996.

[9] D.J. Mogul, D.H. Singer, R.E. Ten Eick, “Dependence of
Na-K pump current on internal Na in mammalian cardiac
myocytes’, Am. J. Physial., vol 259, pp. H488-H96, 1990.
[10] M.J. Janse, A.G. Kleber, “Electrophysiological changes
and ventricular arrhythmias in the early phase of regional
myocardial ischaemia’, Circ. Res., vol 49, pp. 1069- 1081,
1981.

[11] E. Downar, M.J. Janse, D. Durrer, “The effect of
"ischaemic" blood on transmembrane potentials of normal
porcine ventricular myocardium”, Circulation vol 55, pp.
455-462, 1977.



	Main Menu
	-------------------------
	Welcome Letter
	Chairman Address
	Keynote Lecture
	Plenary Talks
	Mini Symposia
	Workshops
	Theme Index
	1.Cardiovascular Systems and Engineering 
	1.1.Cardiac Electrophysiology and Mechanics 
	1.1.1 Cardiac Cellular Electrophysiology
	1.1.2 Cardiac Electrophysiology 
	1.1.3 Electrical Interactions Between Purkinje and Ventricular Cells 
	1.1.4 Arrhythmogenesis and Spiral Waves 

	1.2. Cardiac and Vascular Biomechanics 
	1.2.1 Blood Flow and Material Interactions 
	1.2.2.Cardiac Mechanics 
	1.2.3 Vascular Flow 
	1.2.4 Cardiac Mechanics/Cardiovascular Systems 
	1.2.5 Hemodynamics and Vascular Mechanics 
	1.2.6 Hemodynamic Modeling and Measurement Techniques 
	1.2.7 Modeling of Cerebrovascular Dynamics 
	1.2.8 Cerebrovascular Dynamics 

	1.3 Cardiac Activation 
	1.3.1 Optical Potential Mapping in the Heart 
	1.3.2 Mapping and Arrhythmias  
	1.3.3 Propagation of Electrical Activity in Cardiac Tissue 
	1.3.4 Forward-Inverse Problems in ECG and MCG 
	1.3.5 Electrocardiology 
	1.3.6 Electrophysiology and Ablation 

	1.4 Pulmonary System Analysis and Critical Care Medicine 
	1.4.1 Cardiopulmonary Modeling 
	1.4.2 Pulmonary and Cardiovascular Clinical Systems 
	1.4.3 Mechanical Circulatory Support 
	1.4.4 Cardiopulmonary Bypass/Extracorporeal Circulation 

	1.5 Modeling and Control of Cardiovascular and Pulmonary Systems 
	1.5.1 Heart Rate Variability I: Modeling and Clinical Aspects 
	1.5.2 Heart Rate Variability II: Nonlinear processing 
	1.5.3 Neural Control of the Cardiovascular System II 
	1.5.4 Heart Rate Variability 
	1.5.5 Neural Control of the Cardiovascular System I 


	2. Neural Systems and Engineering 
	2.1 Neural Imaging and Sensing  
	2.1.1 Brain Imaging 
	2.1.2 EEG/MEG processing

	2.2 Neural Computation: Artificial and Biological 
	2.2.1 Neural Computational Modeling Closely Based on Anatomy and Physiology 
	2.2.2 Neural Computation 

	2.3 Neural Interfacing 
	2.3.1 Neural Recording 
	2.3.2 Cultured neurons: activity patterns, adhesion & survival 
	2.3.3 Neuro-technology 

	2.4 Neural Systems: Analysis and Control 
	2.4.1 Neural Mechanisms of Visual Selection 
	2.4.2 Models of Dynamic Neural Systems 
	2.4.3 Sensory Motor Mapping 
	2.4.4 Sensory Motor Control Systems 

	2.5 Neuro-electromagnetism 
	2.5.1 Magnetic Stimulation 
	2.5.2 Neural Signals Source Localization 

	2.6 Clinical Neural Engineering 
	2.6.1 Detection and mechanisms of epileptic activity 
	2.6.2 Diagnostic Tools 

	2.7 Neuro-electrophysiology 
	2.7.1 Neural Source Mapping 
	2.7.2 Neuro-Electrophysiology 
	2.7.3 Brain Mapping 


	3. Neuromuscular Systems and Rehabilitation Engineering 
	3.1 EMG 
	3.1.1 EMG modeling 
	3.1.2 Estimation of Muscle Fiber Conduction velocity 
	3.1.3 Clinical Applications of EMG 
	3.1.4 Analysis and Interpretation of EMG 

	3. 2 Posture and Gait 
	3.2.1 Posture and Gait

	3.3.Central Control of Movement 
	3.3.1 Central Control of movement 

	3.4 Peripheral Neuromuscular Mechanisms 
	3.4.1 Peripheral Neuromuscular Mechanisms II
	3.4.2 Peripheral Neuromuscular Mechanisms I 

	3.5 Functional Electrical Stimulation 
	3.5.1 Functional Electrical Stimulation 

	3.6 Assistive Devices, Implants, and Prosthetics 
	3.6.1 Assistive Devices, Implants and Prosthetics  

	3.7 Sensory Rehabilitation 
	3.7.1 Sensory Systems and Rehabilitation:Hearing & Speech 
	3.7.2 Sensory Systems and Rehabilitation  

	3.8 Orthopedic Biomechanics 
	3.8.1 Orthopedic Biomechanics 


	4. Biomedical Signal and System Analysis 
	4.1 Nonlinear Dynamical Analysis of Biosignals: Fractal and Chaos 
	4.1.1 Nonlinear Dynamical Analysis of Biosignals I 
	4.1.2 Nonlinear Dynamical Analysis of Biosignals II 

	4.2 Intelligent Analysis of Biosignals 
	4.2.1 Neural Networks and Adaptive Systems in Biosignal Analysis 
	4.2.2 Fuzzy and Knowledge-Based Systems in Biosignal Analysis 
	4.2.3 Intelligent Systems in Speech Analysis 
	4.2.4 Knowledge-Based and Neural Network Approaches to Biosignal Analysis 
	4.2.5 Neural Network Approaches to Biosignal Analysis 
	4.2.6 Hybrid Systems in Biosignal Analysis 
	4.2.7 Intelligent Systems in ECG Analysis 
	4.2.8 Intelligent Systems in EEG Analysis 

	4.3 Analysis of Nonstationary Biosignals 
	4.3.1 Analysis of Nonstationary Biosignals:EEG Applications II 
	4.3.2 Analysis of Nonstationary Biosignals:EEG Applications I
	4.3.3 Analysis of Nonstationary Biosignals:ECG-EMG Applications I 
	4.3.4 Analysis of Nonstationary Biosignals:Acoustics Applications I 
	4.3.5 Analysis of Nonstationary Biosignals:ECG-EMG Applications II 
	4.3.6 Analysis of Nonstationary Biosignals:Acoustics Applications II 

	4.4 Statistical Analysis of Biosignals 
	4.4.1 Statistical Parameter Estimation and Information Measures of Biosignals 
	4.4.2 Detection and Classification Algorithms of Biosignals I 
	4.4.3 Special Session: Component Analysis in Biosignals 
	4.4.4 Detection and Classification Algorithms of Biosignals II 

	4.5 Mathematical Modeling of Biosignals and Biosystems 
	4.5.1 Physiological Models 
	4.5.2 Evoked Potential Signal Analysis 
	4.5.3 Auditory System Modelling 
	4.5.4 Cardiovascular Signal Analysis 

	4.6 Other Methods for Biosignal Analysis 
	4.6.1 Other Methods for Biosignal Analysis 


	5. Medical and Cellular Imaging and Systems 
	5.1 Nuclear Medicine and Imaging 
	5.1.1 Image Reconstruction and Processing 
	5.1.2 Magnetic Resonance Imaging 
	5.1.3 Imaging Systems and Applications 

	5.2 Image Compression, Fusion, and Registration 
	5.2.1 Imaging Compression 
	5.2.2 Image Filtering and Enhancement 
	5.2.3 Imaging Registration 

	5.3 Image Guided Surgery 
	5.3.1 Image-Guided Surgery 

	5.4 Image Segmentation/Quantitative Analysis 
	5.4.1 Image Analysis and Processing I 
	5.4.2 Image Segmentation 
	5.4.3 Image Analysis and Processing II 

	5.5 Infrared Imaging 
	5.5.1 Clinical Applications of IR Imaging I 
	5.5.2 Clinical Applications of IR Imaging II 
	5.5.3 IR Imaging Techniques 


	6. Molecular, Cellular and Tissue Engineering 
	6.1 Molecular and Genomic Engineering 
	6.1.1 Genomic Engineering: 1 
	6.1.2 Genomic Engineering II 

	6.2 Cell Engineering and Mechanics 
	6.2.1 Cell Engineering

	6.3 Tissue Engineering 
	6.3.1 Tissue Engineering 

	6.4. Biomaterials 
	6.4.1 Biomaterials 


	7. Biomedical Sensors and Instrumentation 
	7.1 Biomedical Sensors 
	7.1.1 Optical Biomedical Sensors 
	7.1.2 Algorithms for Biomedical Sensors 
	7.1.3 Electro-physiological Sensors 
	7.1.4 General Biomedical Sensors 
	7.1.5 Advances in Biomedical Sensors 

	7.2 Biomedical Actuators 
	7.2.1 Biomedical Actuators 

	7.3 Biomedical Instrumentation 
	7.3.1 Biomedical Instrumentation 
	7.3.2 Non-Invasive Medical Instrumentation I 
	7.3.3 Non-Invasive Medical Instrumentation II 

	7.4 Data Acquisition and Measurement 
	7.4.1 Physiological Data Acquisition 
	7.4.2 Physiological Data Acquisition Using Imaging Technology 
	7.4.3 ECG & Cardiovascular Data Acquisition 
	7.4.4 Bioimpedance 

	7.5 Nano Technology 
	7.5.1 Nanotechnology 

	7.6 Robotics and Mechatronics 
	7.6.1 Robotics and Mechatronics 


	8. Biomedical Information Engineering 
	8.1 Telemedicine and Telehealth System 
	8.1.1 Telemedicine Systems and Telecardiology 
	8.1.2 Mobile Health Systems 
	8.1.3 Medical Data Compression and Authentication 
	8.1.4 Telehealth and Homecare 
	8.1.5 Telehealth and WAP-based Systems 
	8.1.6 Telemedicine and Telehealth 

	8.2 Information Systems 
	8.2.1 Information Systems I
	8.2.2 Information Systems II 

	8.3 Virtual and Augmented Reality 
	8.3.1 Virtual and Augmented Reality I 
	8.3.2 Virtual and Augmented Reality II 

	8.4 Knowledge Based Systems 
	8.4.1 Knowledge Based Systems I 
	8.4.2 Knowledge Based Systems II 


	9. Health Care Technology and Biomedical Education 
	9.1 Emerging Technologies for Health Care Delivery 
	9.1.1 Emerging Technologies for Health Care Delivery 

	9.2 Clinical Engineering 
	9.2.1 Technology in Clinical Engineering 

	9.3 Critical Care and Intelligent Monitoring Systems 
	9.3.1 Critical Care and Intelligent Monitoring Systems 

	9.4 Ethics, Standardization and Safety 
	9.4.1 Ethics, Standardization and Safety 

	9.5 Internet Learning and Distance Learning 
	9.5.1 Technology in Biomedical Engineering Education and Training 
	9.5.2 Computer Tools Developed by Integrating Research and Education 


	10. Symposia and Plenaries 
	10.1 Opening Ceremonies 
	10.1.1 Keynote Lecture 

	10.2 Plenary Lectures 
	10.2.1 Molecular Imaging with Optical, Magnetic Resonance, and 
	10.2.2 Microbioengineering: Microbe Capture and Detection 
	10.2.3 Advanced distributed learning, Broadband Internet, and Medical Education 
	10.2.4 Cardiac and Arterial Contribution to Blood Pressure 
	10.2.5 Hepatic Tissue Engineering 
	10.2.6 High Throughput Challenges in Molecular Cell Biology: The CELL MAP

	10.3 Minisymposia 
	10.3.1 Modeling as a Tool in Neuromuscular and Rehabilitation 
	10.3.2 Nanotechnology in Biomedicine 
	10.3.3 Functional Imaging 
	10.3.4 Neural Network Dynamics 
	10.3.5 Bioinformatics 
	10.3.6 Promises and Pitfalls of Biosignal Analysis: Seizure Prediction and Management 



	Author Index
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K
	L
	M
	N
	O
	Ö
	P
	Q
	R
	S
	T
	U
	Ü
	V
	W
	X
	Y
	Z

	Keyword Index
	-
	¦ 
	1
	2
	3
	4
	9
	A
	B
	C
	D
	E
	F
	G
	H
	I
	i
	J
	K
	L
	M
	N
	O
	P
	Q
	R
	S
	T
	U
	V
	W
	X
	Y
	Z

	Committees
	Sponsors
	CD-Rom Help
	-------------------------
	Return
	Previous Page
	Next Page
	Previous View
	Next View
	Print
	-------------------------
	Query
	Query Results
	-------------------------
	Exit CD-Rom


